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Synthesis of 2(3H)-Benzofuranone Derivatives from Substi~
tuted Phenols Using Methyl 2-chloro-2-(methylthio)acetate
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Abstract— 5-Alkyl-2(3H)-benizofuranones(3a-e} were prepared from Friedel-Crafts reaction of 4-alkyl-
phenols with methyl 2-chloro-2-(methylthio)acetate(1) followed by the treatment of zinc dust-acetic
acid. The reaction of disubstituted phenols with 1 in the presence of stannic chloride afforded 3-
methylthio-2(3H)-benzofuranone derivatives(11a-¢), which were readily converted into 2(3H)-ben-
zofuranone derivatives(12a-¢) by desulfurization with zinc dust-acetic acid.
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Scheme I— Synthesis of 5-alkyl-2(3H)-benzofuranone deri-
vatives.
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Scheme H— Friedel-Crafts reaction of phenol or(o, m)~
cresol with 1.
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Scheme Il — Synthesis of (4, 6 or 5, 7)-disubstituted-
2(3H)-benzofuranone derivatives.
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Scheme IV — Synthesis of naphtho(2, 1-b)furan-2(1H)-
one.
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1(500mg, 3.23mmol}& FadA(5 mho =
0°CE FZAFIEA adketnt, 471 73telA] o] ¥t
L-lofl SnCl(842 mg. 3.23 mmol) & FAZIZ HH3]
71 F 2 2EolA] 1A7HEt Rkt Bh-g-Aoj
F55(10mDE 73ta AL A(10mIx2) o2
33t 298 74 MgS0,& Ax3ln As=
3 ohg, o8 Ael7Hd & AR EIHI (/O E
At =4/1) 2 AP 2a-e7} o3t

Methyl 2-methylthio-2-(2-hydroxy-5-methylphenyl)
acetate(2a) ~ p-Cresol(349 mg) 2HE 618 mg(85%)
o] BMTA 228 AU mp 92~93°C. IR(KBr)
em™s 3390(0H), 1710(CO), 'H NMR(CDCly) &: 2.
09 (3H., s. SCH,). 2.26(3H. s, CHy, 3.79(3H, s,
COOCHS,), 4.64(1H, s, CHCOO), 6.64 ~7.32(4H,
m, OH and aromatic), MS(m/z): 194(M*-CH,
OH), 151, 147, 119, 91, 65, 39.

Methyl 2-methylthio-2-(5-ethyl-2-hydroxyphenyDace-
tate(2b) — 4-Ethylphenol(394 mg) 258 665 mg
(86%)<] #M1A 2bE AUt mp 65~66°C, IR
(KBr) ecm™: 3400(0H), 1715(CO), 'H NMR(CDCl,)
8. 1.20(3H, t. J=7.02Hz, CH,CHy, 2.10(3H, s,
SCH,), 2.57(2H, q, J=7.62Hz, CH,CHy), 3.80(3H,
s, COOCHjy, 4.65(1H, s, CHCQOQ), 6.72~7.24
(4H, m, OH and aromatic), MS(m/z): 208(M*-
CH,OH), 165, 146, 133, 105, 77, 51.

Methyl 2-methylthio-2-(2-hydroxy-5-isopropylphe-
nyl)acetate(2c) — 4-Isopropylphenol(441 mg) 2 %-E]
607 mg(74%)¢] T4 AA 2¢E A} IR(neat) cm’
"1 3340(OH), 1705(CO), 'H NMR(CDCly) 8: 1.21
{6H. d, J=7.08Hz, CH(CH3),), 2.10(3H, s, SCHy),
250~3.14(1H, m, CH(CHy,. 3.80(3H, s, CO
OCHJ), 4.65(1H, s, CHCOO), 6.64~7.21(4H, m,
OH and aromatic), MS(mn/z): 222(M*-CH;OH),
179, 133, 119, 91, 77, 51.

Methyl 2-methylthio-2-(2-hydroxy-5-tert-butylphe-
nyDacetate2d) ~ 4-tert-Butylphenol (486 mg) 2 %€}
678 mg(79%)¢] F-MAA 245 At IR(KBr) cm’
', 3410(0H), 1725(CO), 'H NMR(CDCly) 8: 1.29
(9H, s, C(CHy3), 2.10(3H, s, SCH3), 3.79(3H, s,
COOCH,), 4.70(1H, s, CHCOO), 6.68~7.36(4H,
m, OH and aroma-tic), MS(m/z): 236(M*-CH
30H), 193, 174, 147, 117, 91, 77, 40.

Methyl 2-methylthio-2-(5-chloro-2-hydroxyphenyl)
acetate(2e) — 4-Chlorophenol(415 mg) 2%€] 557
mg(70%)2] Axey A 2¢5 AJ}. mp 101~
102°C, IR(KBr) cm™ 3390(OH), 1705(CO). 'H
NMR(CDCly 8: 2.10(3H, s, SCHy). 3.81(3H, s.
COOCHy, 4.58(1H, s, CHCOO), 6.68~17.58(4H,
m, OH and aromatic), MS(m/z); 214(M™-CH;
OH), 171, 139, 111, 95, 75, 50.

5-Alkyl-2(3H)-benzofuranone T A (3a-e)2] it
ZAY - 32 2(2 mmol) 9} oA B850 mg, 26
mmol)}& 246 mi)el 713, o] whg-4-g 120°Cel|
A BAIZEES HEEFAZ F deez Yz
o371l E(10 m) 2 LA (10 m)< 7Hshar 77
& A3 AASAT doj7 Jdo g RE {7|5S
25k, B4 310 mix2) 2.2 F&31H
% #7133 295 @3t F4MgSO,2 AZx3dta
WEEd o, o8 HEFHA @ a2 vtE 2 9(Y
A/HHEAL A =4/1) 2 A3 3a-e7} Doz},

5-Methy)-2(3H)-benzofuranone(3a) — 2a(452 mg) 2
58 130 mg(88%)<] #4H 3a8 AR} mp 71~
72°C, IR(KBr) ecm™: 1805(CO), 'H NMR(CDCl,) &:
2.34(3H, s, CHjy, 3.68(2H, s, CH,), 6.68~7.58
(3H, m, aromatic), MS(m/z): 148(M™), 120, 91,
65, 51, 40.

5-Ethy)-2(3H)-benzofuranone(3b) — 2b(480 mg) 2
& 99mg(61%)9] FANA 3IbE AUt [R(neat)
cm™; 1800(CO), 'H NMR(CDCly): 1.23(3H, t, J=
7.08Hz, CH,CHy. 2.64(2H, q, J=7.62Hz, CH,
CHa), 3.70(3H, s, CHy), 6.80~7.48(3H, m, aro-
matic), MS(m/z): 162(M"), 134, 119, 106, 91, 65,
51, 39.

5-Isopropyl-2(3H)-benzofuranone(3c) — 2¢(508 mg)
25E 143mg81%)8 TR 3cE AU IR
(neat) cm™ 1800(CO), 'H NMR(CDCly & 1.24
(6H, d, J=7.02Hz, CH(CHy),), 2.51~3.27(1H, m,
CH(CHy3), 3.70(2H, s, CH,), 6.80~7.43(3H, m,
aromatic), MS(m/z): 176(M"), 161, 148, 133, 105,
71, 65, 51.

5-tert-Butyl-2(3H)-benzofuranone(3d) — 2d (536
mg)ZFE 12Tmg(67%)9) #4xnx] 3dg AU
mp 62~63°C, IR(KBr) em™ 1790(CO). 'H NMR
(CDClp &: 1.32[9H, s, C(CHjy3), 3.72(2H, s, CH,),
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6.84~751(3H, m, aromatic), MS(m/z): 190(M").
175, 161, 147, 119, 91, 77, 65, 40.

5.Chloro-2(3H)-benzofuranone(3e) and methyl 2-(5-
chloro-2-hydroxyphenylacetate(d) — 2¢(493 mg) 25
B 116 mg(29%)el 434 3e& AUt mp 131~
132°C. IR(KBr) em™ 1790(CO). 'H NMR(CDCly)
8 3.74(2H, s, CHy, 6.82~7.58(3H, m, aromatic).
MS(m/z): 168(M "), 140, 112, 84, 77, 51, 38. =&~}
BN E ALste 391 42 33%(132 mg) 8 T
$2 99Y%. mp 84~85°C., IR(KBr) cm™
3410(0H), 1700(CO). 'H NMRI(CDCly) &: 3.63
(2H. s, CHy. 3.76(3H, s. CHy, 6.58~7.55(4H, m,
OH and aromatic), MS(m/z): 168(M"-CH;OH),
140, 112, 84, 77, 51, 38.

Methyl 2-methyithio-2-(4-hydroxyphenylacetate(5)
o 8tA - 29} Zeurdel 9Jsly, HlE(304 mg)=H
B 534 mg(78%)¢] FAHH 58 AUt IR(neat)
cm™: 3411(0H), 1718(CO), 'H NMR(CDCl3) 8:
2.06(3H, s. SCH,). 3.74(3H, s, COOCH,), 4.46
(1H, s, CHCOO), 5.20(1H, s. OH), 6.78(2H, d.
J=8.922H7, aromatic), 7.32(2H. d, J=8.22Hz
aromatic), MS(m/z): 212(M™), 165, 153, 121,
107, 77, 51. 45.

Methyl 2-methylthio-(4-hydroxy-3-methylphenyl)
acetate(6)2] &M - 29} 7 el o3k, o
cresol(349 mg) 258 510 mg(70%)} FHAA 65
A9t} IR(neat) cm™: 3410(0H), 1705(C0O).'H
NMR(CDCly 8: 2.06(3H, s, SCHy), 2.24(3H, s,
CH,. 3.73(3H, s, COOCHj), 4.24(1H, s, CH-
C00), 4.81(1H, s, OH), 6.58~7.42(3H, m, aro-
matic), MS(m/z): 226(M"), 180, 167, 151, 121,
91, 77, 59.

Methyl 2-methylthio-2-[(2-hydroxy-4-methyl) and
(4-hydroxy-2-methyDphenyllacetate(7)2] £ - 29}
e "ol 95led, m-cresol(349 mg) ZFH 250
mg(34%)9] FH4HH 74 AUt IR(neat) cem™
3421(0H), 1720(CO), 'H NMR(CDCL) &: 2.
09(3H. s. SCHy). 2.35(3H. s, CHy), 3.74(3H, s,
COOCH,), 4.70 and 4.91(1H, s, CHCOO of isom~
ers), 6.51~7.64(4H, m, OH and aromatic), MS
(m/z): 226(M™), 179, 167, 147, 121, 91, 77, 65, 39.

Methyl 2-(4-hydroxy-3-methylphenyDacetate(8)2}
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8tA - 33} e uhlol ojsld, 6(452mg) 2EHE
310 mg(86%)¢] F-A4ola| 88 AU}, Rneat) cm ™
3405(0OH), 1700(CO). 'H NMR(CDCly) & 2.22
(3H. s. CH,), 3.52(2H, s, CH,). 3.68(3H, s, COO-
CH,. 4.89(1H, s, OH), 6.53~7.21(3H, m, aro-
matic), MS(m/z): 180(M"), 121, 91, 77, 65, 51, 39.
6-Methylthio-2(3H)-benzofuranone(9) and methyl 2-
(4-hydroxy-2-methylphenyDacetate(10)2] £t - 33}
Z+e 9o 9Ela, 7(452 mg) 2%-E 41 mg(14%)¢]
A A 98 AUt mp 71~73°C. IR(KBr) em™
1786(CO), 'H NMR(CDCl,) &: 2.37(3, s, CHy),
3.68(2H. s, CH,), 6.88~7.36(3H, m, aromatic),
MS(m/z): 148(M"), 120, 103, 91, 65, 51, 39. 229}
EaduE ALsid FAYH 108 63%(227 mg)e
g2 Atk IR(neat) cm™ 3407(0H), 1718
(CO), 'H NMR(CDCly) 8: 2.26(3H, s, CHa), 3.56
(2H. s. CHy), 3.69(3H. s. COOCHy), 4.79(1H., s.
OH). 6.42~7.20(3H, m, aromatic), MS(m/z):
180(M"), 135, 121, 91, 77, 65, 39.
5,7-Dimethyl-3-methylthio-2(3H)-benzofuranone(11a)
of 8tA — 29} 7+ Hhel oj3td, 2 4-dimethylphe-
nol(3%4 me) ZHE 470 mg(71%)9] FHRA Hag
Ak IR(neat) cm™ 1807(CO), 'H NMR(CDCly)
3. 2.13(3H. s, SCHy), 2.28(3H, s, CHy),2.31(3H. s,
CH,). 4.43(1H, s, CH), 6.98(2H, s, aromatic), MS
(m/z): 208(M "), 180, 165, 105, 77, 63, 39.
5-Chloro-7-methyl-3-methylthio-2(3H)-benzofuran-
one(11b)Q] BHM — 29} & W) 93}, 4-chloro-
2-methylphenol (460 mg) %€ 177 mg(24%)<] ¥
Helx 11bE AUch IR(neat) em™: 1815(CO),
'H NMR(CDCly) 8: 2.15(3H, s, SCHj). 2.31(3H,
s, CHy), 447(1H. s, CH), 7.19(2H, s, aromatic),
MS(m/z): 228(M*). 185, 153, 125, 89, 63, 45.
4,6-Dimethyl-3-methylthio-2(3H)-benzofuranone(11c)
o #tM - 29} & "ol 93], 35-dimethyl-
phenol(394 mg) 58 222 mg(33%)9 H&4 1A
11c2 22t}h mp 47~48°C, IR(KBr) cm™: 1805
(CO), 'H NMR(CDCl,) 8: 2.09(3H, s, SCH,), 2.34
(3H, s, CHy, 2.38(3H, s. CHy. 4.39(1H, s, CH).
6.78(2H, s, aromatic), MS(m/z): 208(M"), 161,
150, 133, 121, 105, 717, 63, 39.
5,7-Dimethyl-2(3H)-benzofuranone(12a)2] #H4 -
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3z} Z-& gl 2lsled, 11a(416 mg) 27-E 279mg
(86%)9) M A 12a8 JATH mp 124~126°C, IR
(KBr) ecm™: 1793(CO), 'H NMR(CDCly &: 2.29
(6H, s, CH,;x2), 3.68(2H, s, CH,), 6.90(2H, s, aro-
matic). MS(m/z): 162(M"), 134, 106, 91, 77, 65,
51, 39.
5-Chloro-7-methyl-2(3H)-benzofuranone(12b)2| #f
A - 39 2E e 93, 11b(457 mg)EHH
298 mg(79%)¢] B A 12bE 4Yt mp 87~
89°C, IR(KBr) ecm™: 1797(CO), 'H NMR(CDCl,)
8. 2.30(3H. s. CHy). 3.72(2H, s, CHy, 7.10(2H,
s, aromatic), MS(m/z): 182(M"), 154, 126, 99,
63, 39.
4,6-Dimethyl-2(3H)-benzofuranone(12c)2| A -
37} 72 ubol 23l 11e(416 mg) 2H-E 301 mg
(93%)¢] BA1A 12¢8 LA mp 111~113°C, IR
(KBr) ecm™: 1795(CO), 'H NMR(CDCly) &: 2.24
(3H, s. CHy), 2.34(3H, s, CHy), 3.58(2H, s, CHy),
6.772H, s, aromatic). MS(m/z): 162(M"), 134,
106, 91, 77, 65, 51, 39.
1-Methylthio-naphtho[2,1-b]furan-2(1H)-one(13)2}
Bt - 29} 22 ubiel] 9]3le], 2-naphthol(466 mg)
ZRE 349mgd7%)9 BMuA 138 ARt mp
91~93°C, IR(KBr) cm™ 1780‘(CO), 'H NMR
(CDCly 8. 2.09(3H. s, SCHy). 4.81(1H, s, CH),
7.10~8.28(6H, m, aromatic), MS(m/z): 230(M").
183, 155, 127, 115, 71,51
Naphtho[2,1-b]furan-2(1H)-one(14)2| &4 - 33}
7& widof olsled, 13(460 mg) S 2 H-E] %4 (368
mg) o & ST 148 LAt mp 105~106°C(EH
' 107°C), IR(KBr) em™ 1775(CO), 'H NMR
(CDClI;) 8: 3.96(2H, s, CH,).7.10~8.20(6H, m,
aromatic), MS(m/z): 184(M™"), 156, 102, 77, 64,
51, 4.

a9 aF

p-Cresol® methyl 2-chloro-2-(methylthic)ace-
tate(1)2) Friedel-CraftsW8-228E 33E(2a)&
4L 5 AUt T 23N 2a2] T
njxE Lewisttel 98-S ARsNed. 2 4L
ZnCl,(40% ). AlCL(52%), TiCl,(67%), SnCL(85%)

o2 Zh= A} 4-Alkylphenolse} 313HE (1) 9] v
SAME SnCLE AHE3EEA 70% o4 +&=%
332 (2b-e)7t At 3¢E(2)9) 'H NMR %
IR 2"9EH L 159 729 2 X341, MS &9
EoMe 2] EAol2ua gie FFHes
(M*-32}¢9] 537} Jeph, ol GC/MS9 44,
oA HESEAT} AAUA YAE SFESNHE
o] 71918 EAlol& HaYE ¢ F AU

2a9] ofd B -ZAke] EFAE A2 BFEAIZ
A3} gojeutga FESHIEo] FAlo] FFgE oA
88%% 4&E 5-methyl-2-(3H)-benzofuranone
(3a)7} FoAAch Wil 2aZ o|&2%F Raney Ni2
2281 methylthio group®] A methyl 2-(2-
hydroxy-5-methylphenyl)acetate7} A=A, =
AdzEog x2std FESHSe] PHEQ 5-me-
thyl-3-methylthio-2(3H)-benzofuranone©] A% %l
At o3, ofAE LA 0] 83 2b-eE Th-E3}
€ 3b-e2 HFE QU

Qo] ur-g-olA 2e8] 4 3e(29%)9t FolHuks
o] AAEQ 4(33%)7F QojA =, ol ARAEFRI7IY
2Pz EAZ At FESNER-0] LolatA] &)
o §-o]c},

H=1 352 (1)9) Friedel-CraftsiH-g-olAe &
28 He-EEEo] dEHAA AR E 1
o ojatd sel-old A} (5)ete] 78%2] F&E Ao
A}, 5= 'H NMR A¥EHA 4HE $iFst=
HMEE proton?) =71 86.78 2 7.32 ppmolA zt
7} J=8.22Hz& YElstonz ghel-ol @A Ydo] &
A=A} o-Cresold 7%, Friedel-Crafts¥ts-<]
AAE(6)E ol T-2Ate 2 AHIF A dld
2 313HE(8)Tto] Adojgom 60 TZE &Y -
AAUTH. o)k} o] Hiz & o-cresol FEHE(1)
9] ukg ¢ 2 BE = 2(3H)-benzofuranone F =S
FAE ¢t ¥H, m-cresol#2] Friedel-Cra-
fts¥rg o2 34%9] 482 EFHE 7(8 4.70 and
4.91 ppm ('H, s, CHCOO of isomers)}ol A4 =)
At (NS oAEL-ZAT WH-GAA 6-me-
thyl-2(3H)-benzofuranone(9)$} JJAHZ 3E
(10)& At (Scheme 11).

SnCLEAS dagEsFed FFEEFEe
Friedel-Crafts?+$-3 ZE3EEgo] FAlol sjg
2(3H)-benzofuranones(1la-c)o] AU} 112
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IR ~HEHY oshd FE(CO)Y FFul7l BF
1805~1815 cm'ofA Wbt i, 'H NMR 2#E o)
¥ hydoxyl proton 2 ol ~8l22] methyl proton
H32g #&F 5 AT MS AHEHME th 3-8
E Aol ¥z, 1alM’, 208), 11b(M*, 228),
11c(M", 208)7} Vbt 31D ofd R d-%
2tke] Ao ot sE(12) 2 M=t 2-Na-
phthol= UX|§HEFe vt E GESFEE(14)
2 =2 7 U0Ah

A8o =24, 5-alkyl-2(3H)-benzofuranone(3a-e)
= methyl 2-chloro-2-(methylthio)acetate(1) 3} 4-
) 8HE=F9 Friedel-CraftsWHg3} ol B od-ZAtd
o) g 2tA] whE-o 2 RE FEEZct 2(3H)-ben-
zofuranone &%) (11a-¢, 13)& SnCLEA 3} T}z &
HEF 9 2-naphthol® 33HE(1D) 9 one-pot¥Hg-il
o3t AAdE = At

ZHAI &

o AT 1996WE FelthStiL &7 2ol
ofste] s on olo] BATEE, GOMS £
EYS 238 74 FARGA] wARFATY oY
FATAA A=Y,

2 #
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